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Abstract 

Modern technologies have become an integral part in our society and are increasingly shaping 
the teaching of mathematics at every level of education. In Austria, the academic school year 
2021/22 will undergo an extensive digitalisation; all students who start secondary school will be 
equipped with a digital device. Our paper reports on anticipated concerns and benefits of 
mathematics teachers who are required to integrate technologies into teaching mathematics at 
the first year of secondary education. We conducted an exploratory interview study with 
secondary mathematics teachers before schools received their digital devices. The data was 
analysed with techniques based on grounded theory approaches. We discovered that for teachers 
the anticipated concerns and benefits were: (A) discrimination of students by technologies, (B) by 
using technologies, students may lose basic mathematical knowledge and skills, (C) individual and 
playful acquisition of new technological competencies by teachers, and (D) using technologies to 
enhance differentiation and individualisation in mathematics teaching. One of the key findings of 
our study is that mathematics teachers in Austria feel capable enough to integrate technologies 
into the teaching and learning of mathematics at the beginning of secondary education and do 
not express the need for further technical training. This finding contradicts previous studies and 
provides a starting point for future investigations. 
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INTRODUCTION 


In the academic year 2021/2022 in Austria, 10-year- 
old students in first year secondary school will be 
equipped with either laptops or tablets with a digital pen 
and keyboard. These digital devices will be owned by 
students for a contribution of 20-25% of the purchase 
price. In this way, approximately 150,000 digital devices 
will be purchased and distributed to students during the 
winter semester in upcoming year as_ substantial 
government contribution of 250 million euros. Through 
this process, schools still trail society because young 
people cannot picture a life without technologies 


(Ferchhoff, 2007) and this initiative aims, among many 
other things, for schools to catch up with everyday uses 
of technologies. Here, mathematics education has a 
unique role because using technologies such as 
calculators, spreadsheets or apps has a long tradition 
(Larkin & Calder, 2016). In addition to the long tradition 
of using technologies in teaching and _ learning 
mathematics, there is also a long list of barriers that can 
be encountered when integrating technologies into 
teaching and learning. According to Bingimlas (2009), 
widespread barriers include lack of teacher confidence, 
lack of teacher competencies and lack of access to 
resources. To some extent, these results were confirmed 
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technological tools or 
technological resources 


knowledge 


learners 


Figure 1. The didactic tetrahedron modified after Trgalova 
et al. (2018) 


by the study on barriers regarding using e-learning by 
mathematics teachers during the first Corona wave by 
Mailizar et al. (2020). This study indicates that lack of 
teacher confidence and lack of teacher competencies 
were the teachers’ main obstacles concerning using 
technologies while the first Corona wave. Teachers’ lack 
of confidence and competencies are closely related to 
teachers’ anticipated concerns and _ benefits of 
integrating technologies into teaching and learning 
mathematics, as well as to teachers’ beliefs about using 
technologies for teaching and learning mathematics, 
which are the focus of our study. 


Already, in the late 1990’s, a research group at the 
conference of the European Society for Research in 
Mathematics Education (CERME) focused on using 
technologies showing also that there is a long tradition 
of scientific interest in this. According to Trgalova et al. 
(2018), integrating technologies adds a component to the 
didactic triangle of teachers, learners and knowledge. 
Through this extension, the didactic triangle (see Figure 
1, red base area) becomes a didactic tetrahedron (see 
Figure 1) in which teaching and learning mathematics 
also become more extensive and multi-layered. This 
more extensive and multi-layered setting of teaching 
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and learning mathematics can be understood as a 
techno-mathematical learning environment. The term 
techno-mathematical learning environment, adapted 
from Hoyles et al. (2010), and Kent et al. (2005), describes 
a learning environment that can be characterised as 
modern and IT-based in which teachers and students are 
fluent in the language of mathematical inputs and 
outputs to technologies, and can interpret and 
communicate with them. According to Jacinto and 
Carreira (2017), for students to solve mathematical 
problems in such a learning environment, students need 
the skills of problem solving with mathematics and 
technologies, in this specific case GeoGebra. The focus 
on GeoGebra is of particular importance for our case, as 
the GeoGebra software package was invented in Austria 
and is a very widely used tool in Austrian schools. 
Further layers of a techno-mathematical learning 
environment and technology-enhanced teaching and 
learning mathematics are addressed in Section 
Integrating Technologies into Teaching and Learning 
Mathematics. 


According to Lemmer (2013), concerning technology- 
enhanced learning environments, the focus should not 
only be on technologies but on learning processes of 
which the central component of any school learning 
process is the teacher. Following Selter et al. (2015), 
teachers’ beliefs are a key element in this process and 
form the centre of our qualitative study which started 
before integrating technologies at the beginning of 
secondary education and pursues the following research 
question: 


What are the anticipated concerns and benefits of 
mathematics teachers before integrating modern 
technologies into their teaching and learning of 
mathematics at the first grade of secondary 
school? 


By modern technologies for teaching and learning 
mathematics we consider contemporary hardware 
products such as pads with keyboard, digital pen and 
internet access as well as mathematical (e.g., computer 
algebra systems or 3D geometry software packages) and 


general (e.g., learning or content management systems) 
software packages. Understanding mathematics 
teachers’ anticipated concerns and benefits could have 
both practical as well as scientific importance and be 
used by software and content developers to design and 
improve their teaching and learning environments for 
lower secondary mathematics. Furthermore, a 
comprehensive knowledge of teachers’ anticipated 
concerns and benefits regarding integrating modern 
technologies into teaching and learning mathematics at 
the beginning of secondary education should contribute 
to a better understanding of mathematics teachers’ 
beliefs. According to A. G. Thompson (in Philipp, 2007), 
it is important to investigate mathematics teachers’ 
beliefs in order to make explicit teachers’ implicit 
conceptions about teaching, learning and the nature of 
mathematics, because these implicit perspectives 
influence approaches to and interpretations of the work 
of mathematics education researchers. Mathematics 
teachers’ beliefs may be subject to significant change 
since both national education documents (Breit et al., 
2019; Bruneforth et al., 2016) as well as documents from 
the EU and OECD (Barana et al., 2017) call for using 
modern technologies and these technologies are made 
extensively available on a large scale at the beginning of 
secondary education. Our study, focusing on examining 
anticipated concerns and benefits of mathematics 
teachers concerning integrating technologies into 
teaching and learning, places such potential changes of 
mathematics teachers’ beliefs at the centre of our 
investigation. We analysed the collected data using a 
grounded theory approach to identify mathematics 
teachers’ anticipated concerns and benefits before 
implementing technologies. 


THEORETICAL BACKGROUND 


Using Technologies in the Teaching and Learning of 
Mathematics 


There is an extensive literature on the use and misuse 
of technologies in mathematics education (Larkin & 
Calder, 2016). Using technologies is becoming highly 
important for mathematics and also science education in 
the 21st century including calculators, computers or 
virtual apps (Larkin & Milford, 2018). According to 
Flood et al. (2020), technologies designed to support 
human-computer interactions will be key to acceptance. 
Such interactions could include, for example, using 
augmented reality. Attard et al. (2020) highlight a 
continuously increasing range of technologies used in 
teaching and learning mathematics. The rapid 
development of technologies has resulted in a drastic 
change in mathematics teaching and learning (Inayat & 
Hamid, 2016). According to Donevska-Todorova & 
Trgalova (2017), using technologies in mathematics 
education is a complex phenomenon characterised by 
vivid dynamics. In this context, Sinclair (2020) 
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summarises that using modern technologies leads to a 
change in the way mathematics is learned and the 
content that is learned. 


Such drastic change in mathematics education means 
that teachers have to adapt their methods and 
approaches to teaching. Especially when a top-down 
approach imposes such an adaptation of teaching and 
learning (in our case, through the widespread provision 
of digital devices), it could be accompanied by great 
anticipated concerns and benefits on the part of teachers. 
These could be key to their successful implementation. 


Integrating Technologies into Teaching and Learning 
Mathematics 


Borba et al. (2016) identified four phases of using 
technologies in mathematics. The third and fourth 
phases are likely to be of particular interest for our study. 
These phases are characterised by changes in 
communication and the way we connect with each other 
(third phase), as well as quantitative (e.g., broadband) 
and qualitative (e.g., Web 2.0 or MOOCs) changes in the 
internet, better opportunities for collaborative learning, 
personalisation of the internet through personal devices 
and cloud storage and computing (fourth phase). Thus, 
the third and fourth phases represent visions of what 
mathematics classrooms could look like when 
technologies have been integrated into the teaching and 
learning mathematics. 


Almanthari et al. (2020), and Weinhand et al. (2021) 
summarised in their studies of mathematics education in 
the homeschooling-driven Covid era that integrating 
new technologies is not always successful or effective. 
Especially when schools, teachers and students have 
little experience using technologies in formal learning 
settings, this causes significant challenges for schools, 
teachers and students which can be characterised as hard 
or soft factors. 


In our study, hard factors are determined by the 
digitalisation initiative of the Ministry of Education in 
Austria. At the beginning of secondary school, every 
student receives his or her digital device, which should 
be used for teaching and learning. This specification of 
the hard factors means that the soft factors, the beliefs or 
personal preferences, and the teachers’ competencies are 
critical when integrating technologies into teaching and 
learning. Accordingly, we focus our study on the soft 
factors, in particular the anticipated concerns and 
benefits of mathematics teachers in _ integrating 
technologies into teaching and learning. 


Teachers’ Knowledge and Beliefs 


Following the TPACK model of Mishra & Koehler 
(2006, see Figure 2), teachers in a technology-enhanced 
learning environment need knowledge in the respective 
areas of the model (pedagogical, technological and 
content knowledge). Content knowledge is knowledge 
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about the actual subject matter to be taught or learned, 
in our case that is knowledge about topics in the 
secondary school mathematics curriculum; pedagogical 
knowledge is in-depth knowledge about the processes 
and practices or methods of teaching and learning; and 
technological knowledge is knowledge about standard 
technologies, such as books, chalk and blackboard, and 
more advanced technologies, such as the Internet and 
digital video, with our study focusing on the latter. Most 
importantly, teachers need knowledge when two (PCK, 
TCK and TPK) or all three bodies of knowledge 
(TPACK) are combined. Technological content 
knowledge (TCK) is knowledge about the ways in which 
technologies and content are interrelated. This 
knowledge is closely related to Sinclair’s (2020) 
summary that using technologies also changes the 
mathematical content that is learned. Technological 
pedagogical knowledge (TPK) is knowledge about the 
existence, components and capabilities of different 
technologies as they are used in teaching and learning 
situations and, conversely, knowledge about how 
teaching might be changed by the use of certain 
technologies. This knowledge is also of specific 
relevance to the teaching and learning mathematics, as 
according to Attard et al. (2020), more and more 
technologies are being integrated into the learning of 
mathematics and, among other things, this is changing 
the teaching and complexity of mathematics (Donevska- 
Todorova & Trgalova, 2017; Sinclair, 2020). Pedagogical 
content knowledge (PCK) is the merging of content and 
pedagogy into an understanding of how certain aspects 
of subject matter are organised, adapted and presented 
for instruction and goes back to Shulman (1986). 
Technological pedagogical knowledge (ITPCK) is an 
emergent form of knowledge that transcends all three 
components of knowledge and following Mishra and 
Koehler (2006) “TPCK is the basis of good teaching with 
technology’. In an updated version of the TPACK model 
(Mishra, 2019), teachers’ conteXtual knowledge (see 
Figure 2, outer circle) is also included. Mishra (2019) 
interprets conteXtual knowledge as another knowledge 
domain and describes this as ‘everything from a 
teacher’s awareness of available technologies, to the 
teacher’s knowledge of the school, district, state, or 
national policies they operate within’. 


According to this updated version of the TPACK 
model, teachers’ TPACK knowledge is embedded in 
teachers’ conteXtual knowledge. The individual parts of 
the TPACK model constantly interact behind the 
background of a teacher’s conteXtual knowledge. 


According to Thurm and Barzel (2020), mathematics 
teachers’ beliefs are a key component of this. Their study 
indicates that teachers’ use of technologies increases in a 
supportive environment, thereby impacting teachers’ 
technology-related beliefs. Ottenbreit-Leftwich et al. 
(2010), and Smith et al. (2016) argue similarly. According 
to their studies, teachers’ beliefs influence, among other 
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things, the behaviour and thinking of mathematics 
teachers, whether technologies are used in the 
classroom, and the choice of and how technologies are 
used in teaching and learning. Smith et al. (2016) also 
indicate that teachers’ beliefs about using technologies 
may also depend on teachers’ TPACK level. 


In their study on teacher beliefs about technology 
use, O’Neal et al. (2017) indicate that teachers need more 
support in integrating technologies. This need for 
support could be of high importance, as according to 
Sipila (2014), it is the teachers who decide whether and 
in which form technologies are integrated into teaching 
and learning. The purposes of using technologies in 
teaching and learning mathematics include: resources 
distribution, organising and structuring materials, 
demonstrations, testing or assessing student knowledge 
and competencies, discovery and __ learning, 
communication between teacher and students or 
between students themselves, working cooperatively or 
collaboratively, monitoring student activities and 
providing feedback and guidance (Borba et al., 2016; 
Drijvers et al., 2010; Lavicza et al., 2015; Trgalova et al., 
2018; Yeo, 2020). According to Goos et al. (2003), the roles 
that technologies can take on in this process in line with 
teachers’ beliefs are those of master, servant, partner, or 
extension of self. 


The importance of TPK and TPACK in our study 
stems from the fact that teaching and learning 
mathematics requires different and, at times, additional 
competencies from teachers than would be the case with 
using a paper and pencil approach. Since integrating 
laptops or tablets with a digital pen and keyboard into 
teaching and learning also changes the environment of 


teaching and learning processes, teachers’ conteXtual 
knowledge is vital for teaching and learning in schools. 
Teachers’ beliefs together with technological 
pedagogical knowledge and competencies’ will 
determine if technologies are integrated into teaching 
and learning, the purposes for which teachers use 
technologies in teaching and learning mathematics and 
the anticipated concerns and benefits that mathematics 
teachers have in this regard. The novelty and 
significance of our study stems, among other things, 
from the circumstance that in only very rare cases (e.g., 
Uruguay; Vitabar et al., 2019) technologies are made 
available to students and teachers nationwide. Thus, the 
framework of our study offers the opportunity to 
investigate mathematics teachers’ beliefs about using 
technologies, in our specific case the anticipated 
concerns and benefits that mathematics teachers have 
concerning integrating technologies, on a national scale. 


CONTEXT AND METHODOLOGICAL 
BACKGROUND OF OUR STUDY 


Trigger of Our Study and Situation at the Beginning 
of Secondary Education in Austria 


The context of our study is fundamentally new 
compared to previous years of teaching and learning 
mathematics at the beginning of secondary education. 
This novelty can potentially change both the way of 
learning and the content to be learned. With the 
academic year 2021/2022, at the beginning of secondary 
school, the Ministry will provide students with modern 
technologies such as laptops or pads with a digital pen 
and keyboard. Students’ parents will be asked to 
contribute 20% to 25% of the purchase price. Also, since 
the outbreak of the Covid pandemic, the Ministry has 
provided access to learning/content management 
systems such as MS Teams or Moodle. In addition to 
paper students’ books, teachers can use eBooks or 
eBooks Plus for their teaching, and the Ministry provides 
a resource database of teaching, learning and exercise 
resources. Since using high-quality technologies in the 
compulsory standardised school-leaving mathematics 
examination at the end of secondary school has been 
mandatory for several years, using mathematical 
software packages such as GeoGebra or scientific 
calculators like TI-Nspire is an integral part of teaching 
and learning mathematics in upper secondary school. 


In conjunction with our study, Johannes Kepler 
University and the GeoGebra group develop interactive 
learning resources for teaching mathematics at the 
beginning of secondary school (approximately 10-year- 
old students). These interactive learning resources 
provide students with just-in-time feedback on whether 
tasks have been solved correctly or incorrectly, offer help 
to students if tasks have been solved incorrectly, aim at 
supporting students in developing mathematical 
concepts, document students’ learning progress and 


EURASIA J Math Sci and Tech Ed 


offer teachers the opportunity to monitor students’ 
activities in real-time on their computers to provide 
individualised support to students if necessary. Our 
research aims to find out how modern technologies in 
general, and learning resources for teaching 
mathematics in our study in particular, could be 
integrated at the beginning of the secondary level. To do 
this, we focus our study on the mathematics teachers 
who have modern technologies omnipresent at their 
disposal at the beginning of secondary education in the 
academic year 2021/2022. 


Participants in Our Study 


A total of 14 teachers from six schools participated in 
our study. The schools are located in both urban and 
rural areas. In selecting the schools, care was taken to 
choose schools with students from both potentially 
higher and lower socio-economic backgrounds. Schools 
where we assume potentially higher socio-economic 
backgrounds are private schools and schools in urban 
city centres. Schools that we assume to have a potentially 
lower socio-economic background are those located in 
regions affected by high out-migration. We chose a 
private school and a school in the city centre of a large 
city as representatives of schools with a higher socio- 
economic background. As representatives of schools 
with a potentially lower socio-economic background, we 
chose two schools from out-migration regions close to 
the former Iron Curtain. The other two schools cannot be 
assigned to these two poles and thus correspond to the 
broad average of secondary schools. 


As teachers for our study, we selected those from the 
schools concerned who are teaching a first-grade 
secondary mathematics class in the current academic 
year. Of the 14 teachers in our study, eleven are women, 
and three are men. This gender distribution favours 
women over men more than is usual for secondary 
school teaching staff. In terms of professional experience, 
we chose teachers at the beginning and in the middle of 
their careers for our study. The teachers in our study are 
thus from 28 to 49 years old. 


Focus and Guideline of Our Qualitative Interview 
Study 


Our study aimed to identify anticipated concerns and 
benefits that mathematics teachers have concerning 
integrating technologies at the beginning of secondary 
education. A qualitative interview study was conducted 
to identify teachers’ anticipated concerns and benefits. 
Teachers’ feedback is analysed using grounded theory 
approaches. To collect the teachers’ feedback, we used a 
semi-structured guideline. Questions we asked the 
teachers in our study were on the following three 
thematic complexes: 


e What are anticipated concerns and _ benefits 
regarding teaching and learning mathematics 
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with modern technologies at the beginning of 
secondary school? 


¢ What support is required for preparing to teach 
mathematics with modern technologies at the 
beginning of secondary education? 


* How does one prepare for teaching mathematics 
in the coming school year, and what changes are 
made to one’s teaching as mathematics will be 
taught and learned in an environment with 
modern technologies in the coming year? 


In the course of conducting the interviews, these 
thematic complexes were deepened, and individual 
focus areas were set following the teachers’ answers, 
interests, or concerns. The three thematic complexes 
correspond to the everyday professional lives of 
teachers. To scientifically investigate phenomena of 
everyday professional life, it is typical to use the 
principles of grounded theory and interview study 
approaches (Charmaz, 2006; Glaser & Strauss, 1999; 
Ridder, 2016). According to Charmaz (2006), our study 
can be attributed to a constructivist interpretation of 
grounded theory research. Constructivist grounded 
theory means that the research results depend on the 
researchers’ perspectives and that knowledge of the 
current body of scientific knowledge is included in 
developing findings. 

Interviews were conducted verbally and in writing. 
When the interviews were conducted purely verbally, 
the interview thread was given by us, the study’s 
authors. The deepening within the individual thematic 
complexes was left up to the interviewed teachers. In the 
written and verbal interviews, the interviewed teachers 
were first sent the guiding questions, which the 
interviewed teachers answered in writing. Afterwards, 
we contacted the interviewees and verbally elaborated 
on the written answers with the interviewees. After 
conducting the interviews, all information was 
transcribed by us, the authors. It is characteristic of 
interview studies and research using grounded theory 
approaches that different data collection methods and 
different data are used (Charmaz, 2006; Glaser & Strauss, 
1999; Ridder, 2016). Different data collection methods 
and different data were used in our case study following 
theoretical sampling. Theoretical sampling, which is one 
of the centrepieces of grounded theory research, states 
that new data are collected in line with the current state 
of knowledge of a study and the data, data collection 
tools and methods are adapted following the aim of the 
research and the state of the study (Charmaz, 2006; 
Glaser & Strauss, 1999; Strauss & Corbin, 1990). 


Using a Case Study Approach to Investigate the 
Integration of Technologies 


As our study focuses on the anticipated concerns and 
benefits of certain selected teachers, i.e, on 
understanding individual situations, our research can be 
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characterised as a case study (Cohen et al., 2007; 
Eisenhardt, 1989). According to Cohen et al. (2007), it is 
typical for a case study that real people in real settings 
experience targeted interventions. These real people in 
real settings then form a limited system. In our study, the 
mathematics teachers and the mathematics classes at the 
beginning of secondary school form the real people in 
real settings. Our study’s intervention is the 
implementation of modern technologies at the beginning 
of secondary education. In this intervention, we examine 
teachers’ anticipated concerns and benefits about the 
intervention. 


According to Eisenhardt (1989), extreme cases may 
contain important information regarding extending the 
body of knowledge and theory building. For this reason, 
we overemphasised the two ends of the socio-economic 
continuum of schools, i.e., schools with a potentially 
very high and a very low socio-economic background. 
This overemphasis corresponds to purposive sampling, 
which is typical for case studies (Ridder, 2016) and 
grounded theory approaches (Charmaz, 2006; Glaser & 
Strauss, 1999; Strauss & Corbin, 1990). 


In terms of methodological background, our study 
used approaches from a qualitative interview study 
(Braun & Clarke, 2006; Ezzy, 2002) and grounded theory 
(Charmaz, 2006; Strauss & Corbin, 1997). Since the 
questions in our study were asked in a very open 
manner and the teachers in our study were able to 
answer in their own words as well as to set their 
priorities within the given topics, our data collection can 
be classified as a non-standardised interview technique 
(Glaser & Laudel, 2010). This non-standardised 
approach to interviewing resulted in complex texts 
based on the verbal and written feedback of the teachers 
in our study (Wrona, 2005). According to Charmaz 
(2002), there is a close connection between grounded 
theory research and qualitative interview studies. In line 
with this close connection between the two approaches, 
principles of grounded theory and qualitative interview 
studies were used in our data analysis. In particular, the 
techniques of grounded theory approaches were used in 
the analysis of the data and the formation of results. 


Data Analysis and Formation of Results 


We used a three-step process typical of grounded 
theory approaches (Charmaz, 2006; Glaser & Strauss, 
1999; Strauss & Corbin, 1997): 1) open coding, 2) axial 
coding, 3) selective coding. 


Ina first step, we examined the new data in line with 
the inductive thematic principles (Braun & Clarke, 2006; 
Ezzy, 2002) and the open coding approaches (Charmaz, 
2006; Strauss & Corbin, 1997). This approach aimed to 
break up the new data and develop initial units of 
meaning. Using the inductive thematic principles and 
open coding approaches resulted in 76 first sense units. 
An extract of the first sense units is given in Table 1 in 


Table 1. Prototypical excerpts from the coding book 
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open codes or first sense open codes of a higher level 


categories of axial coding core categories 


units of abstraction 

Private technologies of the Better structuring through = independence of teaching discrimination of students by 
students technologies and learning processes in technologies 

Basic digital skills of the Higher quality of tasks terms of time and space by using technologies, 
students Data protection / legal Technological background of students may lose basic 
Distraction through concerns mathematics teachers asan mathematical knowledge and 
technologies Lack of technology advange ees 

Videos as learning materials competencies among Technologies as an individual and playful 


Self-selecting tasks students as a problem 


Bugs in digital resources School equipment as 


additional physical and 
cognitive burden 


acquisition of new 
technological competencies 
by teachers 


otilenack Slow and planned 
introduction of technologies using technologies to 
shane to students enhance differentiation and 
re er individualisation in 
mathematics teaching 
framework conditions 


* Technological school equipment 
+ Data protection and legal concerns 
* Teacher autonomy 
* Simple and error-free technologies 


cause 
* Technological background ot 
mathematics teachers 


phenomenon 
Realistic mathematics 
teaching using 


consequences 
+ Individualisation of learning 
processes 


~ More media available for technologies * Differentiated teaching 
teaching * Time and place-independent 
* Technology-fit mathematics learning 
teachers activities © 4 nas 


* Slow and planned 
introduction to technologies 
* Developing media diversity of 
teaching resources 
+ Intra-school cooperation 


Figure 3. Prototypical procedure for axial coding 


the first column. These 76 first sense units were clustered 
based on similar descriptions and definitions and given 
a new keyword. This bundling of first sense units was 
intended to increase generalisability and abstraction and 
resulted in 26 open codes of a higher level of abstraction 
(Table 1, second column). 


In the second step, we used axial coding techniques 
to analyse the open codes of a higher level of abstraction. 
Axial coding represents a core part of grounded theory 
research (Charmaz, 2006; Mey & Mruck, 2011). In axial 
coding, around a central phenomenon (a central open 
code of a higher level of abstraction), the other open 
codes of a higher level of abstraction are arranged by 
cause, activities, consequences and _ framework 
conditions. Axial coding aims to synthesise the open 
codes again and thus achieve a higher level of 


generalisability and abstraction (Breuer et al., 2009; 
Charmaz, 2006; Mey & Mruck, 2011). A prototypical 
example of axial coding is shown in Figure 3. 


Selective coding is used to test initial assumptions 
about the research question and discover and close any 
research gaps. In selective coding, the categories 
obtained from axial coding are placed in connection or 
dependence. Through the interrelation and 
interdependence of categories, core categories of the 
study are to be developed (Breuer et al., 2009; Charmaz, 
2006; Rosenkranz, 2017). In the course of our study, 
using the techniques of selective coding, the core 
categories (A) discrimination of students by 
technologies, (B) by using technologies, students may 
lose basic mathematical knowledge and _ skills, (C) 
individual and playful acquisition of new technological 
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competencies by teachers, and (D) using technologies to 
enhance differentiation and _ individualisation in 
mathematics teaching could be identified. 


RESULTS 


In the following section, the core categories of our 
study are outlined in more detail and backed up with 
original quotes from our interviews. We translated the 
original quotes from our study into English. In addition 
to the quotes, we provide information on whether the 
interviewed teacher is male (m) or female (f), whether 
the teacher is at the beginning (beg) or in the middle 
(med) of his or her professional career, and whether the 
teacher teaches in a school with a high (h), average (a) or 
low (1) socio-economic background. 


Discrimination of Students by Technologies 


For all teachers in our study, ie., regardless of the 
school’s socio-economic status, the potential 
discrimination of students through using technologies in 
teaching and learning mathematics was a central theme. 
It was assumed that students at the beginning of 
secondary school have very different skills in using 
technologies. These different expected skills in using 
technologies concerned using technologies in general 
and using technologies purposefully in teaching and 
learning environments in particular. Using technologies 
in general means that teachers in our study are 
concerned that while some students privately own and 
are proficient in using modern technologies, other 
students are potentially holding a technological device 
in hand for the first time in school. 


[m-med-l] It can be assumed that some students 
will not be able to turn on the pad, and others 
(students) have one (device) at home themselves 
and are bored at the beginning. 


In addition to the hardware component, teachers also 
have concerns about the different skills of using software 
and using the technologies for learning. 


[f-med-a] Some (students) only play with them 
(technologies), the others (students) can do 
meaningful things with it (technologies). 


Due to these different starting conditions, teachers 
fear that the gap between good and less good students 
could already widen in the first weeks of integrating 
technologies. Another potential discrimination that 
many teachers in our study fear is learning mathematics 
in a technology learning environment. In line with the 
feedback from teachers, both learning mathematics and 
learning to use technologies purposefully are described 
as cognitively demanding activities. Many teachers are 
concerned that good mathematics students are also good 
at using technologies and that poor mathematics 
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students may also have problems using technologies 
purposefully. 


[f-beg-h] Those students who are already good 
will also be good at using technologies, and the 
bad students have another hurdle (using 
technologies) to jump. 


In addition to the cognitive burdens on students 
using technologies, the teachers also identified potential 
physical burdens on students. Teachers characterise the 
use of technologies in learning as potentially more tiring 
than technology-free learning. It is assumed that the 
fewer experiences students have with the purposeful use 
of technologies, the greater the risk of rapid fatigue in 
using them. 


[f-med-a] Then, when students have their digital 
device for the first time in class, they become tired 
and less receptive just from working on the screen. 


The teachers assume that less-skilled students also 
have less or no experience of using technologies 
purposefully. This potential disadvantage of less good 
students could, in turn, widen the gap between good and 
less good students. 


[m-med-h] Good students often come from good 
backgrounds and already know about 
technologies; less good students often do not have 
this framework, so the already large gap widens 
even more. 


Discrimination of students by technologies was a 
central theme of the teacher feedback. They assume that 
the previous experiences and private access to modern 
technologies are very different among the students. 
These differences in prior experience and access to 
technologies could cause large differences in students’ 
technological skills and competencies at the beginning of 
secondary school in the purposeful use of technologies. 
This could widen the socio-economic gap between good 
and less good students using technologies. 


By Using Technologies, Students may Lose Basic 
Mathematical Knowledge and Skills 


A major concern of numerous teachers in our study 
was that by integrating modern technologies at the 
beginning of secondary school, students will not learn 
much basic mathematical knowledge and skills. The 
majority of teachers equate to using calculators, 
calculator functions, or computer algebra systems. By 
having a calculator tool at the students’ disposal, in line 
with the teachers’ opinions in our study, the students 
would not learn mental arithmetic or written arithmetic 
at all or not well. 


[m-med-l] If students are now given tools to do 
arithmetic at the age of ten, simple arithmetic like 


the small one-by-one will probably never be 
learned; I don’t know whether the policymakers 
want that. 


By potentially not learning mental arithmetic or 
written arithmetic skills well or not at all, students 
would develop a mathematical gap at the beginning of 
secondary school, which would run through the entire 
school career of the students and will probably not be 
closed again. 


[f-med-a] We already notice at the school-leaving 
examination that students can no longer solve 
simple arithmetic problems; if you give them (the 
students) digital devices at the beginning of 
secondary school, this will become even worse. 


In the interviews of our study, we discovered that 
many teachers believe that using technologies is the 
cause of students’ lack of numeracy skills or ability to 
estimate results in a task. Although all teachers in our 
study identified themselves as users and supporters of 
technologies in teaching and learning mathematics, this 
endorsement of using technologies was _ often 
accompanied by a but. 


[f-beg-a] I like using technologies in teaching and 
learning mathematics, but... 


[f-med-h] I often use technologies myself in my 
classes, but... 


[f-med-a] Technologies are certainly an important 
part of our society and also mathematics 
education, but... 


In addition to the reduced numeracy skills of 
students, many teachers in our study are concerned that 
by using technologies at the beginning of secondary 
school, students will not learn basic mathematical 
knowledge. The basic mathematical knowledge of 
students was divided into two parts by the teachers. 
First, basic mathematical knowledge is seen as learning 
mathematical formulas and properties of mathematical 
objects. Secondly, teachers describe a regular approach 
to solving problems and documenting the solution as 
basic mathematical knowledge or competency. Many 
teachers in our study equate having modern 
technologies at their disposal with being online. 
According to the teachers’ opinions in our study, the 
omnipresence of the internet could lead to the situation 
that formulas or properties of mathematical objects are 
no longer learned or looked up in the student book, but 
that they are researched on the internet. Research on the 
internet is criticised by teachers in our study on the one 
hand because it means that students do not learn basic 
mathematical formulas by heart, and on the other hand, 
potential misinformation on the internet is a problem for 
teaching and learning mathematics. 
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[f-med-a] If students can always look up 
everything [on the internet], then even the 
simplest things like [the formula for] calculating 
the volume of a cube will not be learnt. 


[m-med-l] With the technologies, the students will 
do a lot of research on the internet, and on the 
internet, you can also find a lot of false 
information [...] and nonsense. 


In addition to losing the ability to learn mathematical 
formulas and the properties of mathematical objects, 
teachers also fear that using technologies will fail to learn 
mathematical work early on, i.e., regular procedures for 
solving problems and documenting the solution path. 
Teachers explain this non-learning of mathematical 
work because technologies make it challenging to 
document the path to a solution. Along with not 
documenting the solution path, teachers in our study 
fear that students do not learn structured work at an 
early stage if at all. This lack of structure in mathematical 
work could lead to even more students having problems 
in mathematics lessons than is already the case. 


[f-beg-a] At our school, the students will get 
laptops. A ten-year-old student cannot document 
his/her solution path with a laptop and will 
therefore never learn it. 


A central concern is that students learn and deepen 
mathematical work and calculation skills at the 
beginning of secondary school, and that technologies in 
teaching and learning mathematics will decrease 
students’ mathematical work and numeracy 
competencies. 


Individual and Playful Acquisition of New 
Technological Competencies by Teachers 


On the positive side, teachers in our study stated that 
implementing technologies at the beginning of 
secondary education will also lead to acquiring new 
knowledge and competencies. Here, many teachers 
emphasised the unique position of mathematics. Since 
2015, using high-quality technologies (e.g., Computer 
algebra systems, dynamic geometry software or 
software for probability calculation) in the compulsory, 
standardised, nationwide written school-leaving 
examination in mathematics has been prescribed. As a 
result, mathematics teachers have extensive experience 
using technologies in upper secondary school. This 
knowledge should give mathematics teachers a starting 
advantage over other subjects. Despite this, the teachers 
indicate that using technologies at the beginning of 
secondary school (students are about ten years old) is 
different from using technologies when preparing for 
the final written mathematics examination (students are 
about 17 years old). 
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[f-med-h] We (mathematics teachers) have been 
using technologies in the classroom for many 
years, especially in upper secondary school. So we 
certainly have a big starting advantage over, say 
history teachers. Still, it will be a little different 
whether I use technologies with Grade 5 students 
(14 years old) or Grade 1 students (10 years old). 


If there is a need for further training in using 
technologies at the beginning of secondary school, the 
teachers in our study prefer individual learning 
following a trial-and-error approach or school-internal 
cooperation over institutionalised further training at 
institutes or universities. Individual learning using a 
trial-and-error approach means that they search for new 
technological tools or teaching approaches themselves, 
usually by conducting internet research. The tools or 
teaching approaches found in this way are then adapted 
to their lessons and integrated into mathematics 
teaching. If problems arise during the first use of the 
tools or teaching approaches, the tools or approaches are 
adapted accordingly if the problems are not too 
significant. In this context, many teachers in our study 
emphasised that any problems are anticipated when 
using new tools or approaches for the first time. 


[f-beg-a] I look for new apps or great web pages 
for my lessons myself and then adapt them to my 
class. Of course, something can go wrong on the 
first try, but that can also happen when I teach 
using a chalk-and-talk approach. 


In addition to individual learning, our teachers state 
that intra-school cooperation is also an essential part of 
professional development and has grown informally 
and independently over the years. This means that there 
is a mutual exchange and support for teaching aids, 
including exchanging information with colleagues on 
everything from newly found software to their lesson 
plans or schoolwork. This exchange usually takes place 
via email or at informal meetings. 


[f-med-h] We have a great collaboration among 
the teachers in our school, especially the 
mathematics teachers. We exchange resources or 
even lesson plans in our own MS Teams group 
that we have set up, and you can always ask 
colleagues; this helps more than (formal) in- 
service training. 


More technologies in teaching and _ learning 
mathematics mean that teachers are also required to 
have more knowledge and competencies. The teachers 
prefer individual and informal approaches to acquire 
technological-didactic knowledge and competencies 
over institutionalised offers from universities or 
institutes. On the one hand, the teachers of our study 
pursue the approach of independent search for new 
technological tools and then a trial-and-error approach 
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when implementing these approaches in their teaching. 
On the other hand, teachers participate in informal 
school-internal cooperation in the course of which 
knowledge is passed on. 


Using Technologies to Enhance Differentiation and 
Individualisation in Mathematics Teaching 


The greatest hope of the teachers concerning 
integrating technologies at the beginning of secondary 
school is that this will make it easier to differentiate and 
individualise teaching. According to the feedback of the 
teachers, differentiation and  individualisation of 
teaching should be realised through more autonomy of 
the teachers, media diversity, diversity of tasks, making 
mathematics closer to reality and more independent of 
time and place. 


Teacher autonomy, in line with the feedback in our 
study, means that teachers no longer have to exclusively 
use explanations or tasks from the mathematics 
students’ book. 


[f-beg-a] I often used additional explanations and 
tasks now. Hopefully, through the students’ 
technologies, this will also become easier in the 
classroom in the future. 


In addition to more explanations and tasks, teachers 
hope that the constant presence of modern technologies 
will also allow more media to be integrated into teaching 
and learning mathematics. The more media mainly 
concerns instructional videos and __ interactive 
worksheets, which offer students feedback and tips in 
real-time. 


[f-med-h] Through videos, the students can then 
also independently repeat the contents of the 
lessons, and I also want to try Flipped Classroom; 
I am already looking forward to that. 


Prominent criticism teachers have of traditional 
teaching materials, such as the mathematics students’ 
book, is that they are often full of pseudo-realistic tasks. 
Pseudo-realistic tasks are described by teachers as those 
tasks that want to establish a connection to reality but are 
far removed from the real everyday life of the students. 
By using technologies, teachers hope that they can 
choose from a larger pool of tasks and thus only integrate 
such tasks into their lessons that, in the opinion of the 
teacher, actually have a relation to reality for students. 
Also, teachers hope that actual artefacts or facts of the 
students’ everyday life can be integrated into the lessons 
more easily by using modern technologies. 


[m-med-h] With the new technologies, it is then 
easier for students to do a survey and collect data 
themselves. With paper and pencil, it has always 
been a hassle, but students like to be able to collect 
data themselves and do surveys at school. 


Another hope of the teachers is that mathematics 
lessons can be made more time and place independent, 
appropriate to students’ age by using technologies. 
Modern technologies should primarily be used so that 
the acquisition of new mathematical content can also 
occur outside of the classroom or that newly learned 
content can be repeated or deepened outside of the 
classroom. Teachers in our study place great hope in the 
repetition and deepening of new content outside the 
classroom. For example, learning videos or tasks with 
automatic feedback should be used for this repetition or 
deepening of mathematical content. 


[f-med-h] As I said earlier, I believe that the 
technologies make it easier to repeat and practise. 
With tablets, students can learn almost anywhere 
they want - in afternoon classes at school, at home 
or when they visit a schoolmate. 


Differentiation and individualisation of mathematics 
teaching with the help of modern technologies should, 
in line with the feedback from the teachers in our study, 
be achieved by increasing the number of tasks. The 
increase concerns both the quantity and the quality of the 
tasks. A quantitative increase in the number of tasks 
should be achieved by no longer using only the students’ 
books as a pool of tasks but by integrating tasks from 
different online and offline sources into the technological 
learning environment. A qualitative increase should be 
possible insofar as actual realistic tasks can be integrated 
into teaching and learning mathematics. No pseudo- 
realistic tasks from the students’ books have to be used 
any longer. Also, the teachers also hope that the learning 
process can be better adapted to students’ needs by 
using technologies. This adaptation of the mathematics 
learning process to the needs of the students can happen 
through independent practice with digital tasks that give 
feedback in real-time or through more straightforward 
repetition of the lesson material. 


DISCUSSION AND CONCLUSIONS 


Analysing the data indicated that for teachers, before 
implementing technologies at the beginning of 
secondary school, the following themes were of interest: 
(A) discrimination of students by technologies, (B) by 
using technologies, students may lose basic 
mathematical knowledge and skills, (C) individual and 
playful acquisition of new technological competencies 
by teachers, and (D) using technologies to enhance 
differentiation and individualisation in mathematics 
teaching. 


According to Attard et al. (2020), and Flood et al. 
(2020), the range of technologies used for teaching and 
learning is increasing. The same technologies are used by 
students for learning in school as well as outside the 
classroom, and new _ technologies can _ include 
augmented reality or technologies designed to support 
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human-computer interactions. Despite a wide range of 
technologies, a blurring of the boundaries between 
technologies in schools and technologies for private use, 
and the knowledge that students will be equipped with 
modern technologies at the beginning of secondary 
education, teachers in our study still understand 
technologies to be traditional technologies such as 
calculators or spreadsheets. This traditional image 
meant that before integrating technologies into teaching 
and learning mathematics, we had to explain what we 
mean by the term technologies. 


Multiple technologies such as virtual apps (Larkin & 
Calder, 2016) or augmented reality (Flood et al., 2020) 
mean that content can be presented in multiple ways and 
then students have multiple opportunities for learning 
mathematics. According to Donevska-Todorova and 
Trgalova (2017), these various representations and 
learning possibilities of mathematical content mean that 
teaching and learning with technologies can be 
described as a complex phenomenon. For teachers in our 
study, these multiple possibilities of teaching and 
learning mathematics constitute both great 
opportunities and significant potential risks. The 
opportunity of the manifold possibilities is seen because 
teaching and learning mathematics with technologies 
could facilitate differentiation and individualisation of 
learning processes. Differentiation and individualisation 
of learning processes could happen through tasks of 
different difficulty, a different number of tasks or 
through temporal flexibility of learning processes. The 
risk of integrating technologies is seen as an additional 
burden for students. This additional burden can mean, 
for example, that students have to learn to use 
technologies in general and mathematics-specific apps in 
particular, in addition to mathematical content. 


Using Web 2.0 functionalities, approaches of 
technology-supported collaborative learning or 
personalisation of the internet in teaching and learning 
mathematics (Borba et al., 2016) lead to teachers needing 
additional knowledge and competencies. This new 
knowledge and competencies are reflected and 
explained in the TPACK model (Mishra & Koehler, 
2006). Our study showed that teachers prefer individual 
and school-internal approaches to this knowledge and 
competency acquisition. For teachers in our study, 
individual and in-school approaches to knowledge and 
competency acquisition mean that informal in-school 
networks are used for knowledge sharing and thus 
professional development. 


According to Almanthari et al. (2020), Thurm and 
Barzel (2020), and Weinhand1 et al. (2021), for teachers it 
is supportive environments consisting of soft and hard 
factors that can facilitate the integration of technologies 
and thus increase the use of technologies. Our study 
showed that it is often teachers themselves who create 
these supportive environments. This supportive 
environment involves both hard and soft factors. 
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According to O'Neal et al. (2017), teachers need more 
support than is offered now when_ integrating 
technologies into teaching and learning. This finding 
was not confirmed in our study. Teachers in our study 
indicate that they see themselves as technologically 
capable enough to integrate technologies into teaching 
and learning mathematics at the beginning of secondary 
school. One reason for this positive self-assessment 
could be that mathematics teachers have been using 
modern technologies in upper secondary school 
mathematics for several years. In case problems arise, 
they are solved through informal networks and support 
at the school site, based on the feedback in our study. 
That teachers see themselves as capable to integrate 
technologies could be related to the fact that using 
technologies in teaching and learning mathematics in the 
upper secondary school is standard. 


Similar to support for using technologies for teaching 
and learning mathematics, our study also provides 
contrasting results regarding teachers’ confidence and 
self-attributed competencies for using technologies. 
According to the studies of Bingimlas (2009), and 
Mailizar et al. (2020), mathematics teachers complain 
about lack of confidence and competencies in using 
technologies for teaching and learning mathematics. The 
results of our study indicate that teachers in our study 
characterise themselves as capable for integrating 
technologies into teaching and learning mathematics. If 
teachers describe themselves as capable enough for 
integrating technologies into teaching and learning, they 
are likely to have sufficient confidence and self- 
attributed competencies in using technologies. This 
sufficient confidence and self-attributed competencies of 
the mathematics teachers in our study could stem, 
among other things, from the fact that using technologies 
in the standardised, national written school-leaving 
examination has been mandatory for years. This use of 
technologies in the school-leaving examination has led 
to the need to integrate technologies into the teaching 
and learning mathematics in upper secondary schools. 
Since many upper secondary mathematics teachers also 
teach lower secondary mathematics in Austria, the 
experience and confidence of using technologies in 
upper secondary education may have carried over to 
lower secondary education. 


Regarding the multiple uses of technologies in 
teaching and learning mathematics (Borba et al., 2016; 
Drijvers et al., 2010; Lavicza et al., 2015; Trgalova et al., 
2018; Yeo, 2020), the results of our study indicate that 
only a limited number of these possibilities are 
mentioned by the teachers of our study. High 
importance and high expectations are given by the 
teachers in our study to distributing resources, 
organising and structuring materials, communication 
between teachers and students, and using technologies 
to perform calculations. Student-centred approaches 
such as using technologies to discover mathematical 
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concepts independently or up-to-date technical features 
such as automatic and adaptive feedback were not 
mentioned by the teachers of our study. 


Regarding the beliefs about teaching and learning 
mathematics using technologies (Goos et al., 2003), the 
results of our study indicate that the teachers of our 
study attribute the roles of servant, partner or 
combination of servant and partner to technologies. In 
this context, the classification servant, i., using 
technologies to perform calculations quickly and 
reliably, was found to have negative connotations by the 
teachers of our study. This negative connotation of the 
servant approach comes from the circumstance that 
teachers in our study fear that replacing mental or pen- 
and-paper calculation could lead to students having 
problems both in building calculation skills and in 
mathematical thinking. Teachers in our study have high 
hopes for the partner approach, ie. the use of 
technology to facilitate understanding and exploration 
of different perspectives. In this context, teachers in our 
study hope that using technologies will facilitate 
individualising and differentiating teaching and 
learning mathematics. This facilitation through using 
technologies should happen, among other things, by 
offering students additional explanations or tasks, or by 
making learning processes more independent of time 
and place. 


Our study showed that teachers’ anticipated 
concerns and benefits of integrating technologies into 
teaching and learning mathematics are balanced. Fears 
are often associated with traditional or non- 
contemporary approaches and technologies, such as 
drill-and-practice approaches or handheld calculators. 


In our study, the hopes for teaching and learning 
mathematics with technologies were mainly associated 
with contemporary uses of technologies. In this context, 
teachers hope that learning processes can _ be 
individualised, and teaching can be differentiated more 
easily. Technology-enhanced individualised learning 
could occur outside the classroom with mobile devices. 
In addition to greater temporal flexibility, teachers hope 
that the intensity and scope of learning can also be better 
adapted to individual needs. This individualised 
learning also goes hand in hand with differentiated 
teaching. With differentiated teaching, the teachers hope 
that different representations of mathematical content or 
tailored feedback can be more easily integrated into 
teaching and learning mathematics. 


What also emerged in our study is that the most 
advanced technologies or approaches are not yet 
associated with school-based learning by teachers 
themselves. These state-of-the-art technologies or 
approaches include augmented reality, 3D printing or 
adaptive learning and learning environments. 


LIMITATIONS 


When investigating teachers’ anticipated concerns 
and benefits of integrating technologies into teaching 
and learning mathematics, we used case study and 
grounded theory approaches, and focused our 
exploratory study on Austria. Since Austria is a very 
wealthy country, the results of our study should also be 
interpreted from this point of view. In order to be able to 
generalise the results of our study more, data from other 
and especially less wealthy countries would have to be 
included. 


A specific feature of case studies or grounded theory 
approaches is that a small number of data points (in our 
case mathematics teachers) are included in the research. 
This small number of data points allows to obtain in- 
depth information on a yet unknown phenomenon 
(integrating modern technologies in the first year of 
secondary education). However, for this information to 
have a higher degree of generalisability, the next step is 
to increase the size of the sample. 


Although our research focused on integrating 
technologies into the teaching and learning mathematics 
in the first year of secondary education in Austria, the 
results of our study should also be of interest to a wider 
scientific and practice audience. Teachers’ anticipated 
concerns and benefits are a part of teachers’ beliefs and 
how teacher competencies for integrating technologies 
into teaching are acquired represent a possible new and 
additional approach to professional teacher 
development in the 21st century. 
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